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The Mechanism of Formation of Certain Ventricular 
Septal Defects 
A Nev/ Hypothesis 
Jami G. Shakibi, M.D.* and Lester Weiss, M.D.** 
The generally accepted and most common mechanism of the pathogenesis of 
VSD is the failure of fusion of the conus ridges, atrioventricular cushions and 
the ventricular muscular septum. Our findings in a study of serial sections of 
the hearts of newborn gerbils (Meriones unguiculatus) leads us to hypothesize 
a second, less common, mechanism for the development of VSD, i.e., an exag-
geration of the normal process of resorption and atrophy which undermines 
the septal cusp of the tricuspid valve, thus separating it from the muscular 
septum. This hypothesis can explain an instance of high membranous VSD in 
the form of a tortuous canal undermining the septal cusp of the tricuspid valve 
and opening into the left ventricle just above the crest of the muscular septum. 
It is probable that in this case the process of tissue atrophy and resorption has 
extended abnormally through the septum just below the cusp, thus forming a 
high membranous VSD. The technique of serial section of the heart is relatively 
simple and is particularly useful in studying the effects of teratogenic agents on 
the development of small mammalian hearts. 
During a study of incidence of 
congenital heart disease (CHD) of 
newborn gerbils {Meriones unguicu-
latus),*** we observed an instance of 
ventricular septal defect (VSD) which 
led us to hypothesize a mechanism 
for the formation of VSD in addi-
tion to the usually accepted concept of 
failure of fusion. ^  
Although the embryology of the 
heart and great vessels is described in 
detail in standard textbooks, certain 
points still need elucidation and fur-
ther study. For example, the forma-
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tion of the atrioventricular valves is 
usually given little attention. The ven-
tricular septum (VS) is made up of 
three distinct elements, the atrioven-
tricular cushions, the conus ridges and 
the muscular VS. In man, during the 
sixth week of intrauterine life, the 
atrioventricular cushions come in con-
tact with each other and are joined 
from below by the VS, which grows 
towards the cushion from the apex of 
the ventricle. Thus the atrioventricular 
canal is divided into two parts, a pro-
cess described in most textbooks. These 
same textbooks of embryology give a 
very short and usually not very detailed 
description of the formation of the at-
rioventricular valves. Odgers- in 1939 
stated that "no particular account of 
their (the formation of the atrioventri-
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cidar valves) development has ap-
peared since 1876 . . . when Bemays, 
who used chiefly calves' hearts for his 
material, published his paper . . . " 
The formation of the atrioventricu-
lar valves and the membranous por-
tion of VS is as follows: 
The composite mass of connective 
tissue which covers the margin of the 
VS is at first bulky and loosely or-
ganized. This connective tissue under-
goes a process of atrophy and/or dif-
ferentiation which eventually leads to 
the formation of the atrioventricular 
valves and the pars membrancea of the 
VS. 
That the atrioventricular valves are 
not as thin and fibrous as they are in 
full-term heart is confirmed by Patten-' 
and Odgers.- These valves are origi-
nally thick and blunt and for some 
time their ventricular faces have a con-
siderable amount of cardiac muscle 
which is continuous with the trabecula 
of the ventricular wall. With further 
development, these valves become 
more deeply undercut and thinner. The 
cardiac muscle disappears from the 
ventricular surfaces and fibrous cords 
replace the parts of the muscular 
trabecula which formerly adhered to 
the developing valve leaflet. The parts 
of the trabecula continuous with the 
ventricular wall are retained to form 
the papillary muscle (Fig 1, 2). The 
formation of the atrioventricular 
valves is best described by Odgers, 
whose main point of interest was the 
development of the lateral cusps of the 
atrioventricular valves. We are more 
concerned with the development of 
their septal cusps. 
100 mm. TO BIRTH 
Figure 1 Figure 2 
Formation of the atrioventricular valves in the human embryo. (From Human Embryology 
by Patten, B.M., 3rd Edition, 1968, used with permission of McGraw-Hill Book Co.) 
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Odgers defines three definite periods 
in the formation of the atrioventricular 
valves: 
Period 1, in the 11.2-23 mm 
human fetus: Valve 
cusps have two distinct 
components, the cush-
ion tissue and the 
muscular trabecula of 
the ventricular wall. 
Period 2, the 28.5-61 mm fetus: 
cusps are essentially 
muscular with only the 
remains of the cushion 
tissue on their auricu-
lar aspect. 
Period 3, in the 85 mm to full-
term: Muscle in the 
cusps is replaced en-
tirely by collagenous 
tissue. 
Odgers describes the invasion of the 
plastic connective tissue (which 
eventually forms the septal cusps of 
the atrioventricular valves and the 
membranous portion of the septum) by 
muscular fibers as follows: "The mus-
cle gradually invades and replaces the 
cushion tissue. This invasion appears 
to proceed at the base of the cusp 
from ventricular muscle derived in the 
case of the lateral cusps from the lat-
eral wall and in that of the central 
ones from the muscular interventricu-
lar septum." Thus the atrioventricular 
cushions go through a muscular stage 
like the valves and later, like them, be-
come collagenous. This proliferation 
and invasion of cushion structures is 
confirmed by the presence of muscle 
fibers in the membranous part of the 
interventricular septum. 
Benninghoff (1930) remarked that 
it is uncertain if one should speak of 
the degeneration and replacement of 
the muscle or its transformation into 
fibrous tissue. In the available litera-
ture most authors (Patten,^ Odgers,-
and Arey^) describe atrophy rather 
than transformation of the tissues in 
accord with the accepted view. The 
process of formation of the atrioven-
tricular valves in the human fetus is 
not complete until 61/2 months of fetal 
life, at which time the cusps are all 
completely collagenous. There is no 
further change in their essential anat-
omy (Odgers). 
The generally accepted theory about 
the formation of the VSD is that of 
failure of fusion of the conus ridges, 
atrioventricular cushions and the mus-
cular VS. Because three different ele-
ments must reach a certain point at a 
certain time, membranous VSD is the 
most common type of CHD in man 
and some animals studied thus far. The 
mechanism of formation of the mem-
branous portion of the ventricular sep-
tum and the atrioventricular valves, 
along with om: observations of VSD 
occurring in gerbils, leads us to an ad-
ditional hypothesis, i.e., an exaggera-
tion and abnormal extension of the 
normal process of atrophy between the 
medial cusp of the AV valve and the 
VS. This atrophy results in a small high 
membranous septal defect. 
Figures 3 and 4 illustrate a VSD in 
the form of a tortuous canal under-
mining the septal cusp of the tricuspid 
valve and opening into the left ven-
tricle. The site of the junction of the 
septal cusp of the tricuspid valve is 
separated from the crest of the muscu-
lar septum. As the canal is tortuous, its 
entire course cannot be visualized in 
one section. 
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LCTV 
MCTV 
Figure 3 
This figure demonstrates a tortuous canal-like VSD under the medial cusp of the tricuspid 
valve. The area within the dotted square is magnified in Figure 4. Ao:aorta; LA: left atrium; 
LCTV: lateral cusp of the tricuspid valve; LV: left ventricle; MCTV: medial cusp of the 
tricuspid valve; MV: mitral valve; PA: pulmonary artery;' RA: right atrium; RV: right 
ventricle. 
L o t e r a l Cusp 
of the 
Tr icuspid Valve 
Medial Cusp 
of f i le 
Tricuspid Volve 
Roof of Aorfa 
V.S.D. 
Ventr icular Septum 
Lef t A t r i um 
Lef t Ventr icular 
Outf low Troc t 
L e f t Ventr ic le 
Figure 4 
In this higher magnification, note that there is no connection between the crest of the 
ventricular septum and the tricuspid valve. The entire extent of the defect cannot be seen 
on one section because of its tortuosity. 
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Figures 5 and 6 illustrate a similar 
abnormality, without, however, an 
opening into the left ventricle. This 
specimen is remarkable because of 
the presence of irregular attachments 
between the septal cusp of the tricuspid 
Figure 5 
Demonstrates a specimen with irregular attachments between the medial cusp of the tri-
cuspid valve and the ventricular septum. The area within the dotted square is magnified in 
Figure 6. Ao: aorta; LA: left atrium; LV: left ventricle; MCTV: medial cusp of the 
tricuspid valve; PA: pulmonary artery; RA: right atrium; RV: right ventricle; TV: tri-
cuspid valve; VS: ventricular septum. 
Figure 6 
This higher magnification demonstrates the irregular attachments between the medial cusp 
of the tricuspid valve and the ventricular septum. LCTV: left cusp of the tricuspid valve; 
LV: left ventricle; LVOT: left ventricular outflow tract; MCTV: medial cusp of the 
tricuspid valve; RA: right atrium; RV: right ventricle; VS: ventricular septum. 
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valve and the septum. The site of 
junction of the base of the tricuspid 
valve and septum is normal. 
That the process of atrophy can be 
abnormal is further evidenced by an-
other specimen (Fig 7) in which the 
septal cusp of the tricuspid valve is 
thick and almost completely attached 
to the muscular septum. There is strik-
ing similarity of this specimen to the 
figure (1) taken from Patten's era-
bryology. 
The entire spectrum of changes and 
intermediate stages described here led 
us to hypothesize that the normal pro-
cess of resorption of tissue undermining 
the atrioventricular valves may become 
exaggerated under certain circum-
stances and even proceed through the 
septum, forming a type of VSD. On 
the other hand, it may not proceed to 
the normal extent, giving rise to a 
tricuspid valve fused with the septum. 
This concept of abnormal atrophy 
resulting in the formation of a hole is 
not unique: in human hearts the pres-
ence of small holes in the eustachian 
and thebesian valves is known to re-
sult from the process of atrophy." 
These observations and the hypo-
thesis were discussed with Dr. E. W. 
Green* relative to the possibility of this 
type of lesion occurring in man. He 
stated that on occasion he had observed 
' Now Chief of the Section of Pediatric 
Cardiology of Children's Hospital of De-
troit. 
Figure 7 
Abnormal tricuspid valve. The medial cusp of the tricuspid valve is almost totally attached 
to the ventricular septum. Note the difference of thickness between the medial and lateral 
cusps of the tricuspid valve. Ao: aorta; LCTV: lateral cusp of the tricuspid valve; LV: left 
ventricle; MCTV: medial cusp of the tricuspid valve; PA: pulmonary artery; RA: right 
atrium; RV: right ventricle; VS: ventricular septum. 
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this type of lesion during angiography 
of pediatric patients. He was kind 
enough to allow us to use Figure 8, 
which demonstrates on left ventricular 
injection a low rauscular VSD, and a 
narrow tortuous connection between 
the right and left ventricle extending 
under the raedial cusp of the tricuspid 
valve. We believe that this lesion is 
identical to the one we described in the 
gerbil and conclude that the raechanisra 
can produce abnorraalities in raan. 
Figure 8 
l ^ f t ventricular injection of a patient with two ventricular septal defects. The lower arrow 
shows a large low-set muscular VSD. The upper arrow points to a tortuous canal-like VSD. 
Note the similarity of this defect with that in Figures 5 and 6. (Courtesy of Dr. E. W. 
Green) 
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